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Chapter 1
Introduction

The machine-sensible version of the AE-8 electron model environment was completed in
December 1983. It has been sent to users on the model environment distribution list and is
made available to new users by the National Space Science Data Center (NSSDC). AE-8 is the
last in a series of terrestrial trapped radiation models that includes eight proton and eight
electron versions. With the exception of AE-8, all of these models were documented in formal
reports as well as being available in a machine-sensible form. The purpose of this report is to
complete the documentation, finally, for AE-8 so that users can understand its construction
and see the comparison of the model with the new data used, as well as with the AE-4 model.
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Chapter 2
Overview of the Model

The model is comprised of three parts: (1) an inner zone that covers the L (Mcllwain
parameter) range 1.2 - 2.4, (2) an outer zone that covers the L range 3 - 11, and (3) a transition
regionfor 2.4 < L < 3.0. For each part there are two versions: One depicts solar maximum
(SOLMAX) conditions, and the other is for solar minimum (SOLMIN). An overview of each part
follows.

Inner Zone

The inner zone parts were produced and documented earlier as models in the overall series:
AE-5 Projected (AE-5P) for SOLMIN (Teague and Vette, 1974) and AE-6 for SOLMAX (Teague et
al., 1976). Both of these were based on AE-5 (Teague and Vette, 1972) and the revision of the
OV3-3 flux levels used in AE-5. AE-5, with an epoch of October 1967, was developed in a
unidirectional differential energy flux form and converted to omnidirectional integral energy
flux for its final output form. Analytical functions for the pitch angle dependence, including
an atmospheric cutoff, and the energy spectrum were chosen based on the data. Three time
effects were studied and modeled: magnetic substorms, Starfish decay, and solar cycle. For
electrons below 0.7 MeV, the main temporal effect was a result of the solar cycle. Above this
energy and at the L values above 2, substorm injections were large but infrequent. At epoch
the Starfish residue was important for I < 1.7 mainly at intermediate energies. AE-5P was
obtained from AE-5 by using the Starfish decay model of Teague and Stassinopoulos (1972) to
remove the Starfish residue and by adjusting the solar cycle dependent fluxes of AE-5 to
SOLMIN. The AE-6 model consisted of the removal of the Starfish residue from AE-5; no solar
cycle changes were needed, since the epoch of AE-5 was one of SOLMAX. A later study of a
number of new inner zone electron data sets indicated that no changes to these models were
needed (Teague et al., 1979).



Overview

Transition Region

This region is the most difficult to model since it is affected by infrequent but large substorm
injections that result in greatly varying energy spectra. Long-term (~ yearly) averages do not
provide the quasi-steady picture found in the outer zone. Since the analysis of data to produce
models differs between the inner zone and outer zone, the decision was made to use a transition
region as an interpolation region between the two models. In practice this means prescribing
the flux at specified energies on the five L shells 2.5, 2.6, 2.7, 2.8, and 2.9. This was done as
part of the original AE-5P and AE-6 models to stitch them together with the AE-4 outer zone
model. Naturally, the values for AE-8 in this region are different from these earlier models.
These differences are mainly for energies above 1 MeV, as shown in Chapter 4. Both SOLMIN
and SOLMAX transition region versions exist, since the solar cycle effect is seen from L = 1.4
outto L. =55.

Outer Zone

AE-8 in this region was formulated by

* Studying the data from Hovestadt's Proton-Electron Detector experiment flown on the
German Research Satellite A (GRS-A); Vampola's Energy Spectra, Fluxes, and Pitch Angle
Distribution of Electrons experiment flown on OV1-19; and Vampola's Magnetic Electron
Spectrometer experiment flown on OV3-3.

¢ Using the analyzed results of Paulikas and Blake (1979) of the energetic electron data from
their experiment on ATS 6 and Mcllwain's experiment on ATS 5.

e Using the outer zone AE-4 model (Singley and Vette, 1972a and 1972b) to make
modifications dictated by the data above to arrive at the outer zone portion of AE-8.

The GRS-A satellite is commonly called Azur; this latter name will be used in this report.
Using the Azur data, an empirical atmospheric cutoff was determined for AE-8 to replace the
conservatively (pessimistically) chosen hpax = 200 kin for AE-4. The local time variation was
extended down from L =5to L =3, also using the Azur data. Based on the ATS 6 local time
variation obtained from Paulikas (1981), no solar cycle effect for this variation exists in AE-8,
as opposed to AE-4. The energdy spectrum above 2.5 MeV was enhanced at L = 6.6, using the
geostationary data and then using Azur and OV1-19 data, the spectra above 2.5 MeV were
altered from AE-4 throughout the outer zone. The flux variation along the field line has the
same dependence as AE-4, and the statistical variation given by the standard deviation of the
logarithm of the flux is also unchanged, except for the extension to higher energies.
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Chapter 3
Data Processing/Analysis

The framework for the outer zone portion of AE-8 will be discussed now so that the processing
and analysis of the new data can be understood. The details of the inner zone formalism will
be reviewed in Chapter 5 (page 5-3 through 5-5). The formalism for AE-8 outer zone (OZ) is the
same as that used for AE-4, where the omnidirectional flux above an energy (E) is given as a
function of the position along a field line (b), the L shell (L), the local time (¢), and the
epoch (T). Thevariable b is

b = B/Bg (3.1)

where B, is the magnetic field strength at the geomagnetic equator based on an internal field
only. B is the magnetic field strength of the internal field at the position in question; thus b is
a coordinate along the field line that has the value 1 at the equator and « at the dipole. The
local time variation is mainly the effect of the magnetic field generated by current sources
external to the Earth's surface. Although this choice of variables for the model is not the best
for studying the details of particle dynamics in the outer zone, it is much more convenient for
the user to apply the model to satellite orbits.

The AE-80Z omnidirectional flux is written as

J(>E,b,L,0,T) = Np(>E,L)DP(>E,L,$)G(b, L) (3.2)

where Nrp gives the equatorial integral spectrum, @® gives the local time variation, and G
provides the variation of flux along the field line. This simplification of three product
functions is justified by the outer zone data. Specifically, the local time function has the form

n(p-11)
®(>E,L,¢) = K(>E,L)1O[C(>E'L)cos i ] (3.3)



Data

The peak in this function at ¢ = 11 hours is an approximation that is good down to 0.2 MeV,
and it was felt, as in AE-4, that more detail was not necessary. The function K is merely one of
normalization so that

2m
Qdp _

24 (3.4)

The function C represents the amplitude of the local time variation as seen in the log of the
flux. In AE-4 @ was dependent on epoch; this is no longer true for AE-80Z as noted earlier and
discussed further in the next section.

The G function has the value of unity at the geomagnetic equator and is

- be=b|m(L)+0.5
b m(L){Ez__l}m i b < Dbe
G(b,L) = (3.5)
0 ; b > be

The value for the exponent m is the same as AE-4, since this quantity can best be determined by
data covering the low and mid latitudes, not high latitudes. The cutoff given by b. can only be
obtained from high latitude satellites such as Azur. It is useful to note that the form of the b
dependence given by G for an omnidirectional flux has an analytical counterpart for the
unidirectional flux perpendicular to the magnetic field line given by (Roberts, 1965)

b™m [bc"b}m1 ’ bc
; b < D
21tB(0.5,m+1)1bc—1 be-1 ¢

gp(b,L) = (3.6)
0 i b > Dbe¢

where $(0.5,m+1) isthe well known B function. Equation (3.6) was used in OV1-19 data
analysis.

The processing of the Azur data will be described next. This will be followed by the OV1-19
processing, then that for OV3-3. Finally, the ATS 5 and 6 analyzed data will be discussed.

Azur Proton-Electron Detector

Azur was launched on November 10, 1969, into a 103" inclination orbit with perigee and apogee
altitudes of 387 km and 3150 kin. The Proton-Electron Detector experiment consisted of two
cubical silicon (lithium-drifted) detectors, each covered by hemispherical shielding. There
were two pulse height discriminators associated with each detector. This instrument provided
four channels of information: (1) electrons greater than 1.5 MeV and protons greater than 20
MeV, (2) protons 20-45 MeV, (3) electrons greater than ~ 4 MeV and protons greater than 40 MeV,
and (4) protons greater than 72 MeV. This experiment provided data over the lifetime of the
mission and covered the time period November 25, 1969 - March 15, 1970. The original data set
supplied to NSSDC (ID# 69-097A-04A) contains count rates (CR) from the four channels
described above along with all the position, time, and correlative data needed to analyze the
data. More detalils on the instrument can be found in Achtermann et al. {1970). Ebel {1972) has
given the details of the data processing of the raw data by the experimenters.
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Data

For L > 3, channels (1) and (3) above were measuring only electron fluxes. The conversion
from CR to flux was provided by the experimenter. The calibration curves were not provided, so
the usual threshold energy/average efficiency studies outlined by Singley and Vette (1972a)
could not be done. However, comparison with other data showed that the threshold of 1.5 MeV
was good while the higher energy threshold was better suited to 4.5 MeV for analysis purposes.

The data were binned into selected L shells of + 0.05 width and tagged by the geographic local
time ¢ and the value of b. Plots were made of the flux versus b and, using equation (3.5) with
m values from AE-4, a value for b, was determined. Having this,each CRat b = b{ and L =
L4 was projected to the equator by using the G function. This procedure is given by

A CR(bile)/G(birlemjlej) (3.7)

and since G is unity at the equator (b =1), one has
A = CR(b = 1,L5) (3.8)

Then these data projected to the equator were binned in one-hour ¢ cells to determine the local
time distribution. The empirical distribution is given in Table 1 with a normalization the
same as that given in equation (3.4). Any bins with no data were ignored, and the integral (or
sum in this case) was divided by the number of occupied bins. The least squares fit to the log of
the flux provides values of C, which are also given in Table 1. The 95% confidence interval
half width for C, which is quite small, is also given there. The value of K was also determined
in the fitting process, and, as expected, its value given in Table 1 is close to unity. In any
satellite orbit except geostationary (or near geostationary), it requires a long time to sample all
the local time bins. The coverage for Azur, which lived for about four months, can be seen in
Table 1. A highly elliptical satellite such as OGO 1, 3, or 5 takes one year to sample all local
times; geostationary satellites require only 24 hours. Consequently, there is "noise"
introduced in the local time "signal” by enhancements (substorm injections) in the outer zone.
One expects that the local time variation should cease around L = 3. The values of C at
energies above 1.5 MeV for various L values are plotted in Figure 1 for AE-4MAX and MIN, for
Azur, and for ATS 6. The interval for ATS 6 data corresponds to SOLMIN conditions. The
curve for AE-8 is shown; this applies to all solar cycle conditions. The AE-4MIN points are
now believed to be elevated because of "noise” in the elliptical satellite data. AE-4MAX had the
benefit of having the ATS 1 data of Paulikas and Blake incorporated. Below L = 6 the AE-8
curve differs from the AE-4MAX model so as to conform to the Azur results. The fall of the
curve at high L values reflects the fact that as the flux goes to zero (literally to J = 1, which is
about the value of the cosmic-ray proton background), there is no local time variation.

After the AE-8 ® function was determined, it was used to convert the Azur data base to the
local time of ¢, (1,) . which is defined by the equation

D(dm) = 1 (3.9)

and explicitly is

12 K
= 2 o0s=1 (==
Om 11 + ncos ( C) (3.10)

If a measurement was made at bj, Lj, ¢i, then to convertthisto ¢y the following
procedure was used.

CR(bj, Lj, Omj) = CR(bj, Lj, ¢;)/P(Ls, ¢;) (3.11)



Data

For each L value this converts the measurement to that which would be observed for the local
time average at bj. The CRs were then converted to flux using the geometrical conversion
factor provided by the experimenter. Then the data were plotted with J versus b at various L
values. The results for L = 3.0, 4.0, 5.0, and 6.0 are shown in Figures 2 through 5. In this region
the data provide good coverage where the cutoff effects occur. The curves that are drawn require
some explanation. These have the form of equation (3.5) with a multiplicative factor inserted
such that equatorial value of J is the time average of the Azur fluxes projected there, as
discussed earlier. The two curves in each figure differ only in the value of b that was chosen.
The larger value was chosen so that practically all the points havea b < bg2. The smaller
value was chosen to represent a boundary for "undisturbed” conditions. This is best seen in
Figure 2 where there seems to be a boundary of some small width with a relatively small
number of points with larger b values. This curve was selected to pass through the center of
the boundary, not its outer edge. As one looks at the higher L values, one sees a much higher
percentage of points with b values above b.j. A vertical dotted line at b1 is included to help
the reader see the points beyond this undisturbed boundary. The figures also illustrate why the
Azur data are not good for determining the m value of equation (3.5). Satellites with 30" - 50
inclinations provide good coverage of the b region where cutoff effects are not present; all the
available data of this type were analyzed in the construction of AE-4.

The bqo cutoffs are the ones used in AE-8. The reason for this choice was to ensure that one is
very unlikely to experience fluxes beyond the AE-8 cutoff. Feedback from the users have
indicated this is preferable to them. The b cutoff is more useful in studying the particle
population. This is lllustrated in Figure 6 where the cutoff values are plotted versus L. The
inner zone values are taken from the AE-5 document (Teague and Vette, 1972). Notice that the
outer zone b1 is virtually an extension of this inner zone boundary with nearly the same L
power law dependence. In the outer zone b, is about a factor of 1.4 greater than b.;. After
passing through the transition region, there is no distinction between these two boundaries in
the inner zone.

The greater than 4.5 MeV channel was processed in the same manner as described earlier in
this section for the greater than 1.5 MeV data. The data from this channel showed the same
atmospheric cutoff (b.2) as the greater than 1.5 MeV data. The dynamic range for the greater
than 4.5 MeV channel was not as large as that for the greater than 1.5 MeV, being about a factor
of 50, and the intensity threshold corresponded to a flux of about 20 electrons/cm?2-s. Because
of these limitations the data did not reveal a consistent local time distribution. So the C (> 1.5
MeV) was scaled using the AE-4 model energy dependence to obtain the local time distribution.

Returning to Figures 2 through 5, if one imagines moving the curve associated with b.> so that
it passes through each plotted point in chronological order, then the projected equatorial flux
value as a function of time is obtained. The daily averages of these projected equatorial fluxes
from the two Azur channels are shown in Figures 7 and 8 for the L values corresponding to the
outer zone peak. The daily sample size varied from 5 to 18 and averaged about 10. The
standard deviations of the logarithm of the flux (G) for these plots are 0.51 and 0.12,
respectively. The statistical function for AE-8, which uses O is discussed in Chapter 5 (pages 5-
5 through 5-7). It was felt that the new data used in AE-8 could not add much to this statistical
function over that provided by the data used in AE-4. Both O values above from Azur are low
compared to AE-4. Data sets that have a duration of less than six months often show lower (or
higher) Os than longer lived ones. The use of daily averages also reduces the O value. Itis
concluded that Azur statistical behavior is similar to other outer zone data sets.

Thus, the Azur data have supplied the omnidirectional flux for E > 1.5 and > 4.5 MeV for L
values from 3.0 to 6.6. It is believed that the greater than 4.5 MeV data suffer from a
bremsstrahlung background that becomes important for I above 5.5. Another contributing
factor might be the intensity threshold for this channel; when flux levels fall more often below
this threshold, the average value is distorted upwards. This effect would also reduce the value
of the O just discussed.
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OV1-19 Electron Spectrometers

OV1-19 was launched on March 18, 1969, into a 105° inclination orbit with perigee and apogee
altitudes of 466 km and 5764 km. Thus, it was in a similar but higher orbit than that of Azur.
Vampola had an experiment on board that was comprised of two magnetic electron
spectrometers. These instruments provided data from March 18, 1969, to the end of spacecraft
life in March 1970. The data set deposited in NSSDC (ID# 69-025C-05A) terminates on January
25, 1970; consequently, there is a data overlap period with Azur of about 61 days, neglecting
data gaps.

The initial results from this experiment were used to claim that the AE-4 model was in gross
error for electrons whose energies are above 1.5 MeV. Unfortunately, it was many years after
these distorted (but not completely false) claims before the resolution of this matter was
obtained. This came about through the analysis described here, the result of which was the
utilization of much of the data from this experiment in AE-8. However, the channels above 2
MeV are rather useless in the outer zone as independent data, since a background correction is
absolutely necessary.

The description of the instrument was given by Vampola (1971) and will be summarized here
since an understanding of it is necessary to follow some of the analysis. The spacecraft was
spin stabilized at a rate of 8.4 rpm. Both spectrometers had their look direction perpendicular
to the spin axis. A three-axis magnetometer was also on board. The low energy spectrometer
(LES) had eight detectors for measuring electrons and one detector for background, all in an
analyzing field of 470 gauss. The background detector had two channels, one for measuring
protons greater than 55 MeV and one for measuring electron bremsstrahlung (BREM). The
BREM discriminator was set to the nominal energy loss level used by the eight detectors. The
high energy spectrometer (HES) contained 16 detectors plus a background detector with two
channels, one for protons greater than 130 MeV and one for electron BREM; this latter
discriminator was set in the same manner as that for the LES. All detectors were lithium-
drifted silicon 1 mm thick with an unshielded sensitive area of 0.95 cm x 1.37 cm. The energy
leveis and other information about this instrument are given in Table 2. Both spectrometers
were the 180° focusing type with internal baffling around the edges of the uniform field and on
the pole plates to provide a disk-loaded collimator. A tungsten collimator was used at the
entrance of the magnet. Magnet pole pieces were made of Indox V, and an iron yoke enclosed
the whole assembly. From the threshold energy of protons arriving at the background
detectors, one can infer that the HES had about five times as much shielding as the LES.

Data on magnetic tape (NSSDC ID# 69-025C-05A) contained the CRs for each detector along
with all the ancillary data needed for analysis. A subset of these data was selected for AE-8
analysis; only data with local pitch angles within 3° of the perpendicular to the measured
magnetic field as determined by the on-board magnetometer were studied. Thus, one is dealing
with the unidirectional flux perpendicular to the field line, denoted here by jp. The CR meters
were sampled every second; however, only eight detectors plus two background channels were
read out at one time. LES was read and then two reads were required for the HES.

The big mystery for this experiment was the background. The proton channels had such small
counting rates that they could be ignored in the outer zone. However, the HES BREM channel
counted much too high to be background for the HES detectors. In Table 3 the ratio (CR -
BREM)/CR, averaged over the whole interval March 18, 1969, to January 25, 1970, is given.
Negative ratios mean that the background exceeded the raw electron CRs, and from these
numbers one can rule out the use of all channels above 1.7 MeV and the 53 keV channel over the
range of L values shown, unless appropriate backgrounds can be obtained for subtraction. The
ratio of the two BREM channels has also been studied without shedding any light on the
problem. Ignoring the BREM channel, as Vampola did, one arrives at flux values that are much
too high (factor of 10-100) compared to other data, as shown in Chapter 4.
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The ATS 6 data of Paulikas and Blake (1979) showed clearly in the geostationary region for
energies above 2.5 MeV that AE-4 was too low and therefore needed revision in the high energy
range. Since the OV1-19 data was the only data set that covered the energy range between 2 and
5 MeV at other outer zone L values, it was imperative to try to use these data to revise the
outer zone .

The following technique was developed. In Figures 9 through 11 the OV1-19 data are shown
projected to the equator using the same techniques applied to Azur data except that equation
(3.6) was used instead of (3.5) . The open solid squares, labeled uncorrected, are the raw CRs
converted to flux using the conversion factors of Table 2. Notice that the spectrum is flat above
about 3 MeV for all the L values. This raw directional flux, j, consists of the true electron
flux, Jp, plus a background flux, jp, resulting from BREM; i.e.,

e = dp + Jb (3.12)

By taking the last three channels of the HES with the background (supposedly) removed and
performing the following operation

S = Jp(5091 keV) [5243-4942] + Jp (4783 keV) [4942-4633] +

Jp (4476 keV) [4633-4500] (3.13)

the total electrons/cm?2-ster-s in the energy interval 4500 to 5243 keV results. Now this can be
converted to an omnidirectional flux at the equator in electrons/cm?2-s by multiplying by the
ratio of equation (3.5) to (3.6)

f = G/gp = 2nB(0.5, m+1) (1-1/bg)0-5 (3.14)
The product £S obtained from equations (3.13) and (3.14) is denoted here by Je3. Then

Je3 = J(> 4500 keV) = Ja(> 4500 keV) (3.15)

where Jp is the Azur data. This is approximately true since J (> 5243 keV) in the outer zone is
small relative to J (> 4500 keV). If j, is substituted for Jp inequation (3.13), then J.3
replaces Je3 in equation (3.15). Jr3 is larger than Ja, the amount depending on the
background contamination. Taking the ratio

Ja

d = ——
Jr3

(3.16)

the fraction of the uncorrected flux representing the real electron flux results. The empirical
results for d are shown in Table 4. The data from both the Azur and OV1-19 experiments were
averaged over the data overlap period November 25,1969 - January 25, 1970, to obtain this
ratio. It is quite clear that in this energy range the OV1-19 experiment was highly contaminated
with BREM from lower energy electrons. This quantity d has the same meaning as the ratio
given in Table 3 except that the background is determined by using the Azur > 4500 keV data.
The BREM channels had some 25 to 90 times more counts than expected. The most likely cause
of this was that the HES BREM discriminator level in orbit was much lower than those for the
HE1-16 detectors. In the case of the LES, the problem may have been that the LE1 and LE2
discriminator levels were set high relative to the LES BREM discriminator. The considerably
lower conversion factor in Table 2 suggests this was the case and is so noted in the remarks
column. This would mean that the background for these two channels would be less than that
indicated by the LES BREM channel. Noting that
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¢ The six highest channels of the HES showed nearly the same uncorrected flux for
the 1 interval 3.0 to 6.6,

¢ Most of the uncorrected flux was produced by BREM,

¢ The HES BREM channel had much higher CRs than many of the HES detectors and
could not be used to properly subtract the background,

the following procedure was used to determine the average HES background. This is expressed
as a directional background flux, Jj,. This was obtained by averaging the six highest HES
channels and applying the factor (1-d)

1-d HE1l6
Jb = i—g—L 25r (i) (3.17)
i=HEl1l

Since Figures 9 through 11 show that these Jjrs are essentially independent of energy, it is
believed that jp applies to all of the HES detectors. Then using equation (3.12) the value of jp
can be obtained from the uncorrected flux. In the few instances where this procedure resulted
in a negative jp, then the equation

Jp(k) = djr(k) (3.18)

was used. These results are plotted as the open squares, labeled corrected, in Figures 9 through
11. It is apparent that the corrected and uncorrected data above 3 MeV differ by more than a
factor of 10. The results also indicate that no correction is required for the LES detectors.

The first corrected integral spectrum for OV1-19 was then constructed by

17

Jv(> Ei) = £ 23p(k)W(k) + Ja(> 4500 keV)
k=1
+ 175d£5, (4476 keV) (3.19)

where W (k) is the energy channel width for the kth useful channel, and the factor 175 (keV) is
the width from 4325 to 4500 keV. The useful channel index and the Ws are identified in Table 5.
In the final results for OV1-19, Jap_g (> 4500 keV) was used in equation (3.19) in place of Jp (>
4500 keV).

The numerical results of all these procedures of this section are given in Tables 6A through 6D.
The comparisons of the final corrected data with other data are presented in Chapter 4.

OV3-3 Electron Spectrometer

The OV3-3 satellite was launched into a 81.4° inclination orbit with perigee and apogee
altitudes of 360 kan and 4492 km. Vampola had a magnetic electron spectrometer on board
very similar to those on OV1-19. This one used nine detectors for measuring electrons, and one
of them had a discriminator channel for measuring penetrating protons greater than 105 MeV.
Since BREM was found not to be a problem in calibration, no BREM background channel was
provided. The detectors, collimation, and baffling were nearly identical to those used later in
OV1-19. Each detector had an independent set of electronics consisting of an amplifier, two-
level pulse height analyzer and log(CR) to analog converters covering the CR ranges 1-103 and
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300-2 x 105. More details have been given by Vampola (1969). The channel energy widths and
geometric factors are given in Table 7; also included are the threshold energies for integral
spectrum calculations that are employed in the data processing done for AE-8. The geometric
factors are four times greater than those published by Vampola and are based on his revision
(Vampola, 1972, as given in Teague and Vette, 1974).

The data were supplied as flux values versus time and included the pitch angle as inferred from
a model geomagnetic field along with other parameters needed for analysis. The subset of this
data used in the AE-8 analysis consisted of the data for pitch angles close to 90° for L. < 10. The
NSSDC data set (ID# 66-070A-05C) covers the time period August 4, 1966, to September 9, 1967.

The main purpose in processing the OV3-3 data in the outer zone was to provide a comparison
with the OV1-19 data in the energy ranges that overlapped. The OV3-3 data had been used in
producing AE-5, and when Vampola changed the geometric factors of the instrument, it was
necessary to produce AE-6 to replace AE-5. The processing for OV3-3 in the outer zone was done
in an identical manner to that used for OV1-19 with one exception. The integral spectrum J

(> 2.445 MeV) was estimated by extrapolating the OV3-3 differential spectrum to higher
energies. This procedure was not possible for OV1-19 because of the background problem. The
results are shown and discussed in Chapter 4. The agreement between the OV3-3 and the
corrected OV1-19 data is good at certain L values. Time variations can explain the
disagreements at other L values.

ATS 5 and 6 Omnidirectional Spectrometers

On ATS 5 Mcllwain flew an Omnidirectional High-Energy Particle Detector experiment
comprised of three plastic scintillator detectors with a 2rx field of view and hemispherical
shielding. The instrument measured electrons in the range 0.5 to 5 MeV in 12 channels and
protons greater than 12, 16, and 24 MeV. Paulikas flew an Omnidirectional Spectrometer
experiment on ATS 6 that consisted of four solid state instruments. One was a two-element
telescope with a 30° full cone angle, and the other three were omnidirectional instruments
similar to the Azur detectors described earlier. Particles and energy ranges (in MeV) measured
were

Electrons: 0.14-0.60, > 0.7, > 1.55, and > 3.9
Protons: 2.3-5.3, 3.4-5.3, 12-26, 20-52, and 40-90
Alphas: 9.4-21.2, 13.4-21.2, and 46-100

The lowest energy electron channel and the two lowest proton and alpha channels were
directional (from the telescope); all the rest were omnidirectional. Only the electron channels
of these two experiments are of interest here.

Paulikas and Blake {(1979) presented the data from Mcllwain's ATS 5 experiment and their ATS
6 data in the following manner, as shown in Figure 12. They produced from Mcllwain's data
the omnidirectional fluxes to match their four channels on ATS 6. The ATS 5 data cover the
approximate period 1969.7-1972.3 while the ATS 6 data cover 1974.5-1978.3. The ATS 5 data
were normalized to the ATS 6 data during some simultaneous coverage in mid-1974. The
Zurich monthly sunspot number is also plotted in Figure 12 and shows that the combined data
cover both SOLMIN and SOLMAX conditions. The ATS 1 data of Paulikas used in AE-4 also
appear in Figure 12. All of the electron data are plotted as 27-day running averages, and yearly
averages are shown by the horizontal bars extending across each year or partial year. These
yearly or partial year averages provide the pertinent parameters for AE-8, It can be seen in
Figure 12 that there are no trends in these averages associated with the solar cycle. The
variations are less than a factor of two except for the highest energy channel where variations
as large as a factor of 5 are seen; these are more stochastic in nature and possibly related to
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high speed solar wind streams according to Paulikas and Blake (1979). The three satellites
were at slightly different coordinates, since they were operating at different longitudes. ATS 1
was right on the geomagnetic equator at L = 6.6 while ATS 5 and ATS 6 were slightly off the

equator at L ~ 6.7 and 6.8, respectively. Paulikas and Blake ignored these differences since they
were unimportant to their study.
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Chapter 4
Comparison of the AE-8 Model

with Data

This comparison is limited to the data discussed in Chapter 3 and to the AE-4 model. The
documentation for AE-4 and AE-5 gives the compar